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WO 02/Q6MM9 PCT/DS02/05656 
METHOD AND SYSTEM FOR DUAL RETICLE IMAGE EXPOSURE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
fOGOl] Tbe present invention pertains to photolithography 

Background Art. 

[6002] There are various photo, i olographic or micro! i triographi c techniques used 

in Ihe manufacture of very fine patterns in metals, insulators and serai conductors 
(i-e., devices) In the photolithographic or nucroii trio graphic process, a pattern 
(e.g., a Circuit pattern) contains on a rebels ia projected (i.e., imaged) onto a 
wafer, A wafer is typically a photoresistive substrate thai is further processed to 
form a device or devices, 
j As feature size requirements continue to aimni^ the use of phase-shifting 

reticles has increased, Phase-shifting reticles increase the effective resolution of 
a lithographic system. The use of phase-shift techniques typically requires the 
exposure of the same field or area on a wafer first with a phase-shift reticie and 
then with a trim reticle. The trim reticle can differ from the phase-shift reticie 
depending on the implementation, 

[OOiW^ Techniques such as this two-step imaging can create alignment problems, 

They also can reduce overall water throughput oi the system (i.8., the system is 
slowed because- each wafer needs to be exposed twice). As each reticle is set for 
exposure or. a given wafer, the precision alignment process consumes additional 
time and often reduces the efficiency and yield of the system. 

lOOttSj What is needed is a method and system for exposing the same field with 

at least two different reticles simultaneously. Furthermore, what is needed is a 
method 8ori Ry&lem for exposing the same field with ag least two different reticles 
simuitancousEy such that alignment and calibration problems can be prevented. 
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BRJHF SUMMARY OF THE INVENTION 

[00&f(j The present i d vent on provides a method and sys tern ih ai race? the aho ve- 

stiiied needs. The method and system of the present i avert Uon produce two reticle 
images aide-by-side in the exit pupil of the projection optics of an exposure 
and/or reduction system. 

[0007] Jr. one embodiment, the exposure ayslcm is s sicp-and-sean wafer 

exposure system. In such an embodiment, the scanning action of U*e exposure 
tool effectively superimposes the two images during the exposure of the wafer. 
Thus, each image exposes the photoresist us the wafer is scanned through the 
image Ceid in a synchronous manner with the scanning of the reticles, m other 
words, the image scanning is synchronized so iliac the two required reiicie images 
arc supers mposcd. In an additional embodiment of the. present invention, die 
system can cre-ale (he two images to be iridependentiy focused and finely aligned. 

1&O08] In one embodiment of Use present invention, the system projects two 

images of illuminated ah is from two separate reticiea mounted on a scanning 
slags. 

[3009] la an alternative embodiment, the system projects two images of 

iiiuminated slits from two separate locations on a single reticle mounted on a 
scanning stage. 

[001.0] Further embodiments, features, and advantages of the present invention, 

as weli as the structure and operation of the various embodiments of the present 
invention, are described in detail below with reference to the accompanying 
drawings. 
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BRIEF DESCRIPTION OP THE D RATINGS/FIGURES 

(tKJU] The accompanying drawings, which are incorporated herein and form s 

part of the specification, illustrate the present invention and, together with the 
description, further serve Jo explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 

[CG12] In the drawings: 

[0013] HQ. JA shows a block diagram of the exposure system using optica] 

relays, according to an embodiment of the present invention; 
[00143 PIG. IB shows a block diagram of the exposure system using pupil OSters, 

according to an embodiment of She present invention; ■ 
[0015] FIG. 1C shows a block diagram of the exposure system using both ptpsl 

filters and optical relays, according to an embodiment of the present invention'. 
[GO 16] FIG. ID shows a block diagram of the exposure system using both pupil 

filters and optical relays, according to another embodiment of the present 

invention: 

[0017] FIG 2 shows a block diagram, of the exit pupU of the projection optica, 

according to one erabodrmeni of the present invention; 
[00X8] FIG. 3 shows a block di agram of the pattern snatching process, according 

to one embodiment of the present invention; 
[0019J FTG. 4 illustrates a flow diagram of the cxpoguremethod, according to or:e 

embodiment of the present Invention; 
[0O20J FIG. 5 shows a double exposure technique; ,. 

[00213 FTG. 6 shows a double exposure technique, according to an embodiment 

of die present invention; 
[0022] FIG. ? shows a plug/trim mask/rebels technique using double exposure 

for U-irnage printing, according to an embodiment of the present invention; and 
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[0023] FXG. S show it a plug'rrira mask second exposure technique foi phase edge 

removal, according to an embodiment cf the present Invention. 

{.0024] The present invention will now be described with reference to the 

accompanying drawings. In the drawinga, hke reference numbers Indicate 
identical or functionally shmlar elements. Additionally, d»e left-most digii(s) of 
a reference number identities the drawing in which the reference number first 
appears. 

DETAILED DESCR3FFION OF TKB INVENTION 

[0025] While the present invention is described herein wiih reference to 

illustrative; embodiments for particular applications, it should be understood that 
the invention is cot limited thereto. Those slrisled in the art with access to the 
teachings provided herein will recognize additional modiXicaiioiis, appbeaiioos, 
end ernrxxiirnems within the scope thereof and additional fieJds in which the 
present invention would be of significant utility, 

Simultaneous Dual Reticle Exposure 

Ift&2e*j The prcserji invention is direct to a scanning stage and method for 

increasing the throughput and alignment of a lithographic ?ooi (referred to herein 
as the system). In sn embodiment, the scanning stage includes ai least two 
reticles or a singSe reticle having Wo image patterns formed {hereon. Hereafter, 
the at least two reticle or two image approaches will be referred to as the dual 
reticles io simplify me description of the invention, hut not iinsiJ its scope of 
equivalents, According tn embodiments of the present invention, the scanning 
stage has a range of motion that permits similar sections of dual reticles to be 
scanned sisuiitaneousiy. The scanning stage exposes the field with the pasterns 
from each of the dual reticles, 
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[0027] Li fine embodiment of the pre9f?ns invention, the lithographic tool is a step 

and scan system, in another embodiment of the present invention, the 
lithographic too! is a modified step and repeat system, which may not include the 
scanning steps. In an alternative embodiment, the lithographic tool is a modified 
refractive atcp and scan system. 

(0023 J In embodiments of the present invention, the projection optics can be 

refractive, reflective or catadi optic. 

[0029] As one skilled in the relevant art would recognize, based p,t least on ihs 

teachings herein, the configuration of any projection optics system for use 
depends on ihe application to which it ia engaged, [n terms of the present 
invention, the ejnbodimenfs described herein employ die catadioptic projection 
opiie systftjTL This is not intended to iimi! the application of the present invention 
to catadioptic projection optic systems. One sSdiied in the relevant art, after 
reviewing the embodiments disclosed herein, would be able to configure various 
other types of projection optics systems to perform the present invention. 

[0030] FIG. « A shows a block diagram of the exposure system, according to one 

embodiment of die present invention. System 100 incJjjdes a scanning stage 503 
capable of scanni ng along range 136. Scanning stag* 103 includes dual reticles, 
104s and 1 04b, respectively. System ■ CO also includes a optical component 106a, 
and a second optical component 306b. Optical components 106a and 106b 
provide focuabig, alignment, and offset adjustment features. In onaejnbodiment 
of the present invention, optical components 106a and 106b can be fold mirrors, 

[003IJ Final optical relay 108a and second optical relay 103b are also included in 

system I GO to opbcaliy couple each of the optica! components 106 to a central 
prism 1 1 0. In one embodiment of the present invention, ihe central prism 1 10 can 
be a mirror shaped to take the incident beams 1 23a and 1 23b and align ibern with 
projection optics 112 as indicated by beams 133a and 133b. In alternative 
embodiments, the central prism 1 10 am be a beam-splitter or a beam-combiner. 
En further embodiments, central prism i 10 can include phase-shifting properties 
in at Seasi one side and/or surface. 
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19032] According to the present invention, a wafer (not shown, bui positioned on 

a substrate stage 1 14, describee) below) is passed through the exposure sequence 
once with images from the reticles 104a and i04b being exposed simultaneously 
onto the wafer. The throughput of die system is effectively maintained at the 
standard single pass throughput level, which results in a throughput of twice thai 
of conventional systems, In one embodiment, the present invention produces two 
images aide-by-side in the exit pupil of the optics of a step and scan system. The 
scanning action of the exposure tool then effectively superimposes the two 
images during the exposure of the wafer. Each image exposes the photoresist of 
the wafer as it is scanned through the image field (i.e., the surface area of the 
wafer being scanned) synchronously with the scanning of the reticles. According 
to one embodiment, the image scanning Is synchronized so that two required 
images arc superimposed, 

[0033] According to another embodiment, the two ireageg can be independently 

focused and aligned, l^urthermore, according to another embodiment, the 
illumination conditions of the two Images can be independently set and 
control led. For example, the components 104a, 106a v and 108 a can be aligned 
and focused, as well as controlled (Le., scanned) independently of components 
104b, 106b, mid 108b such that the resulting iinagea can be determined with 
greater precision. 

[0034] In one embodiment, as shown in PIG. I A, the lithographic system 100 

includes a scanning stage 104. The scanning stage 103 is adapted to control dual 
reticles, 104a and 104b, respectively. Furthermore, the scanning stage 103 has 
a range of motion 1 16 that permits scanning of the dual reticles simultaneously. 
The system 100 also includes projection optics 1 12 positioned to simultaneously 
project dual images 1 36a and 1 3 6b of at least a portion of each of said dual 
reticles i04a and iG4b. The system 100 also includes a substrate stage 1 14 
positioned to receive at least two images 136a and 136b Simultaneously projected 
from the projection optica 114 at the exit pupil 134, In one embodiment, the 
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scanning stage is capable of positioning &i least two images of at least a portion 
of each of dual reticles to expose a field on the sobstrate stage. 

[0035] As shown in FIG. I A, reticle .104a Is optically aligned with optical 

component 106 a which is optically aligned with optical relay 108a, which, intum, 
is optically aligned with centra] prism 1 1 0. Similarly for the respective elements 
104b, 106b : and 108b. ft is noted that each of the optical components of the 
system 100 of the present invention can he aligned separately or jointly, 

100367 An intermediate imags plans 1 32 is defined between She central prism i 10 

and a projection optics J 12. in alternate embodiments (not shown), there are 
other positions for the intermediate image plane 132 d«at exist between 108 and 
110, and on both sides of 108 and/or 1 10. The intermediate image plane 132 
provides a reference for alignment, focusing, and offset calculations of the system 
100. An exit pnpii 134 of the system 100 allows for Lbe passage of energy to a 
substrate stage 1 1 4. Substrate stage 1 1 4 is capable containing one or more wafers 
and is capable of scanning along range of morion 118. 

[0037} ' The reticles 1 04a and j 04b are each exposed by & source of iJjLnmnaiion. 

In c preferred embodiment, the illumination SOUICC impinges each reticle having 
an aperture in die shape of a "sliL" The production of Use illumination slits >s 
outside the scope of the present invention. The illumination of the slats from the 
reticles 204a and 104b of die system 100 provide images 124a and 124b, 
respectively. The dual reticle images are incident upon each of the elements of 
the system 100, sr previously described, The imagca are passed by each element 
of system 100 as indicated in FIG. 1A. Ugh* ray or beam 124a travels from 
reticle 104a to opfccai component 106a. At optical component 106a f beam 124a 
is realigned as beam 126s to optical relay 108a. Optical reiay lOSa is aligned to 
pass beam 126a aa beam 128a to prisro 1 10. The similar beam path is followed 
for beams 124b, 126b, and 128b, 

[0038] According to one embodiment of the present invention, the system 100 

processes the images of beams 1 24 a and 124 b produced from the separate dual 
reticles J 04a and 104b mourned on the scanning stage 103, In an alternative 
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embodiment, ihe at least two images produced from at least rwo separate patterns 
on the same redcie. 

[0039] In one embodiment, the fins alignment and positioning of the images of 

beams 124a and i24b are accomplished using an autG-c&libratiou field detector 
on the substrate stage 114 end of the system. In such an embodiment, the 
alignments of the images are monitored using alignment marks oti the dual 
redcles J 04 a and <04b, 

[0040 j FIG. IB shows a block diagram of the exposure system using pupil fillers, 

according lo an embodiment of the present invention. In HO. IB, first optical 
relay 108a and second optical relay 1 08b are rep) seed with f list pup}} filter S08c 

* 

and second pupU filler 108d, respeetiveSy and as indicated in PIG. 135. According 
to an embodiment, pupil ft iters lOSc and I08d cm be contractile apertures for 
conditioning the incident beams. For example, the pupil filters cart alter the focus 
and intensity of the incident beams. Trie pupil filters are uaed to independently 
condition each channel of incident beams, such as beams 126a and 1 26b. 

[0041] FIG. IC shows a biock diagram of the exposure ayatem using both popi! 

filters and optical relays, according to an embodiment of die present invention. 
In FIG. 1C ; first combined component lOSe and second combined component 
108? replace the opUcal relays 108a and 108b of FIG. i A. In an embodiment* the 
coin ponczits \08e end lOSf include the hmcticmahtyof both the opUeal relay ('e.g. , 
108a) and (he pupil filler (e.g., 108c). 

[0042] FIG. IT5 shows a block diagram of she exposure system using both pupil 

filters and optical relays, according to another embodiment of the present 
invention. In FIG. ID, the exposure system of FIG. IC is illustrated with 
additional detail to the projection optica and exit image plane. Referring to FIG. 
ID, the projection optics 1 12 includes a first optica* block 1 12s that provides 
beam conditioning and initial reduction to mirror component U2b, Mirror 
component U2h provides the beam to optical block 1 r 2c, where biock i22e 
provides the final reduction of the beam to me exit plane 134, The exit piane ! 34 
is further described with regard to FIGS. 2 and 3. 
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[0043] HG. 2 shows a block diagram of the pattern matching process, According 

fo one embodiment of the present invention In one embodiment tiie optics at 
exit pupil 134 produce Side-by-side images 136a and 138b, respectively, of the 
illuminated areas of both reticle images. According to these embodiments, the 
scanning action of the step and scan system results in the aupesimposition of the 
duai rericie images in the images field of the substrate stage 114. 

10044] As shown in FIG 3, a block diagram of the exit pupil of the projection 

optics, according to one embodiment of the preseat invention, is shown, For 
pattern matching purposes between the two reticles, there is an offset between the 
illuminated posifions oc the dual reticles to aiiow for the position displacement 
of the images in the exit pupii. Reticle J 04a and reticle 104b have patterns aa 
showa in FIG. 3 && "ABCEDEGNLTK". This pattern is for illustrative piirposes. 
These patterns are visible at the exit pupil 134 and indicate the superimpositiun 
of the patterns on the substrate stage 1 14. 

[0O4S] in one embodiment, the two reticles, are identical. In such an embodiment, 

the offset to the position of the images is equivalent to the offset of the image a h is 
in the exit pupil multiplied by the reduction ration of the projection optics. 
■Specifically, reticles iOin and 104b are imaged al cxii pupil i34 and the image 
exposed onto the substrate stage J 14. The exposure dose delivered to each reticle 
image can be independently controlled by adjuating the illumination intensity in 
each illumination slit, 

[0046] In one embodiment of the present invention, the images from of at least 

a portion of each of the dual reticles iCMa and 104b are images from different 
locations of one of the dual reticles !C4a and 104b. 

[0047] As previously described, the calibration detector is used od the substrate 

stage 1 1 4 to recei ve images from the scarm ing stage 1 03. The cai ibralj on detector 
aiiows for real-time system calibration between the stages 103 and 1 14. 

[0048] In one embodiment of the present invention, the substrate stoge 114 

contains oi least one substrate such as a icslst-ccsted wafer or at least one flat- 
panel display. 



(22) 



JP 2004-519850 A 2004. 7, 2 



WO rC r r/DS&Z'0S6$6 

10- 



[G049] Ii^ one embodiment Off the presen: invention, the dual reticles comprise an 

iniage of an integrated circuit paw em. 
[0050] In still a further embodiment of she present invention, one of the dual 

reticles ia a phase-shift reticle that is used to phase -3 hi ft Uic image illurmn&ted 

from thai reticle 

[0G5i] FIG. 4 illustrates a flow diagram of the exposure method, scoordingto one 

embodiment of the- pnssen? invention. A routine for exposing a field on a 
Substrate stage with images from dual reticles 404 starts at step 402 and 
immediately proceeds to step 404. 

[0052] in step 406, the system 100 positions a scanning stage that includes one 

or mere reticles, Trie system proceeds to step 408. In an alternative embodiment, 
after step 406, but prior to step 408, the sys'.em 100 conditions the beams incident 
from the one or more reticles, fn an embodiment, the system 100 conditions the 
beams with pupil filters. 

[0053] m step 408, the system 100 positions an image field on a substrate stage, 

The substrate stage including a substrate such as a wafer, The system proceeds 
to step 410- 

[0054] In step 410, the system 100 scans She images of the one or more reticles 

to expose the image field on the substrate stage. In one embodiment of She 
present invention, the Meld is simultaneously exposed with ar [east two images 
from dual reticles, respectively. GptioMaJ.'y, the system proceeds Jo step 412. 

[0055] in optional sfep 412, according to one embodiment of the present 

invention, the system 100 can superimpose the images in the field on the substrate 
stage. The routine 400 the proceeds to step 414 and terminates. Alternatively, 
the routine 400 can be repeated from steps 41 A to steps 402. 

[0056] FIG. 5 shows a double exposure technique, Double exposure technique* 

typically leave gapa, as shown, at the phase boundaries, which can be 
problematic, as described elsewhere herein. FIG. 5 iHusiraiea this difficulty. In 
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BG, 5, the phase 0 mask 504 and phase 3 80 mask 508 leave a phase boundary 
506. Jn printing, Shis results in a gap 510. 

fO#57] FIG. 6 shows a double exposure- technique according to an embodiment 

of (ha present inventjou where the additional images from one or more reticles 
also called a pjugftrim mask) provide a better overall pattern. Referring to FIG. 
6 r partem A includes phase 0 mask 604 and phase i80 mask 608. The addition 
of plug or trim pattern 612 provides high resolution pattern 610 that does not 
suffer from the gap 510 

[0058] KG. 7 shows a plug/trim mask/reticle technique using doubie exposure 

for TJ-iruage printing. FIG. ? includes two photographs thai show the effect of 
exposing the additional image(a) with a plug pattern as described in FIG. 6, as 
indicated in the difference between pattern 704 without a plug and pattern 706 
with a trim. 

[0059"j FIG. 3 shows a plug/trim mask second exposure technique for phase edge 

removal. In FIG. the phase edge id removed by use of u plug pattern as 
described in FTG. 6. A phase edge 804 is shown without rsmovaj and a phase 
edge 806 is indicated after removal by a plug mask exposure Recording to on 
embodiment of h!e present invention. 

Conclusion 

[0060] While specific embodiments of thepresent invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. Is will be understood by those skilled In the art thai 
various changes in form and details may be made therein without departing from 
the spirit and scope of the invention as defined in the appended claims. Thus, the 
breadth find scope of the present invention should not ha limited by any of the 
above- described exemplary embodiments, but should be defined oniy in 
accordance with the following claims nnd their equivalents. 
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WHAT iS CLAIMED IS: 

\. A lithographic system, comprising: 

a scanning stage that controls occ or more reticles, and having a 
range of motion that permits scanning of said one or more reticles 
simultaneously; 

projection optics positioned relative to said one or more reticles 
co rimuitaneousiy project ens or more images of of least a portion of each of said 
one or more reticles; and 

a substrate stage positioned relative ia said projection optica to 
receive said one or more images simultaneously projected from said projection 
optics, 

wherein 3aid scanning stage is capable of positioning said one or 
more images of at least a portion of each of said one or more z&ticlta to expose 
an image fieSd on said substrata stage. 

2. A lithographic system of claim i , wherein Mid one or more images 
are images from different iocations of one of said one or raore reticles. 

3 . A iithograp flic system of c Lain> I , further cotnpri si ng : 

a calibration detector on said substrate atage to receive images 
Irons said scanning stage, wherein real-time system calibration is obtained. 

4. A lithographic system of churn i, wherein said substrate stage 
contains at seast one resist coated wafer. 

5 A lithographic system of claim I, wherein said one or more 
reticles comprise an image of an integrated circuit pattern. 
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6. A j iihogxapbjp system of claim \ , wherei it one of said one or mors 
reticles corrjpris&s a phase-shifted reticle. 

7. A lithographic system of claim I, wherein said scanning siage 
includes one ox more pupil fUiera that independently condition said one or more 
images. 

8. A method or exposing a field on a substrate stage with images 
froco at icaat two reticles „ compnaing: 

a) positioning a scanning stage that includes one or more 

retides; 

b) positioning an image field on a substrate stage, wherein 
said image field results from projection optics positioned relative to said scanning 
stage and said substrate stage; and 

c) scanning one or more images of said one or more reticles 
simultaneously from said scanning atago to expose said image field on said 
substrate stage. 

9. The method of claim 7, further comprising: 

d) superimposing said one or more image* in said image field 
on said substrate stage. 

10. The method of claim 7, further comprising: 

e) exposing a resist coated wafer positioned on said suhsiraie 

stage. 

11. The method of claim 7, providing said scanning step c) further 
includes the step of conditioning said one or more images independently. 



(26) 



JP 2004-519850 A 2004, 7, 2 



WO PCT.1DS02./05656 

-14- 



12. The mcihod of c)cira?, providing the same paii&ra on each of said 
one or more reticles. 

13. The method of claim 10, providing aj least one of said one or more 
reticles contains integrated circuit papisms, 

> 

14 . Toe method of claim 7 , providing one of said one or more reticles 
is a phase-shift reticle. 
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